Anatomy education for undergraduate medical students and (surgical) residents mainly consists of traditional, twodimensional anatomy education, most commonly given in the form of lectures, PowerPoint presentations, and videos. This two-dimensional education is the least expensive and easiest way to teach human anatomy. Anatomy, however, is three-dimensional. Therefore, in combination with two-dimensional anatomy education, education on embalmed specimens has been used for years. 1 The use of embalmed specimens has always been subject to discussion. [2] [3] [4] [5] [6] One of the main issues that has contributed to the intensity and duration of this discussion is the absence of indisputable evidence of the added educational value of dissection-based teaching. There is also little evidence that teaching without embalmed specimens leads to a reduction in the skills and knowledge of students. 7 One exception is the study by Beermann and colleagues, 8 which showed that three-dimensional presentation of anatomy improves the identification of complex anatomy.
With the introduction of laparoscopic surgery, good knowledge of anatomical orientation and recognition has become even more critical. Surgeons have to be able to identify anatomical structures from a screen while tactile feedback and spatial orientation are reduced. The additional challenges of laparoscopy result in more gradual learning curves, [9] [10] [11] which warrant more effective teaching modes of (laparoscopic) anatomical knowledge. These teaching modes should consist of real, three-dimensional anatomy, so that students and surgical residents do not have to transfer the abstract and two-dimensional representation of the anatomical structures to real and threedimensional human anatomy in practice. An enhanced understanding of spatial anatomy must be the aim of the training.
In our opinion, laparoscopic dissectionbased education can be an important part of this training.
At Erasmus Medical Center, The Netherlands, human specimens were embalmed using the new Rotterdam AnubiFiX technique that allowed the dissection models to remain supple and flexible. In contrast to traditionally embalmed specimens, these dissection models are insufflatable, thus enabling anatomy education using laparoscopy. We created six anatomy training models of the dorsal view anatomy of the groin area, which is known for its complex, threedimensional form. Some of these models were fully prepared, important structures were separated from the surrounding tissue, and the relevant structures were colored with a newly developed formaldehyde proof paint to allow students to gradually make the transition between learning the anatomy from an atlas to learning the real anatomy. Other models were not prepared and colored, so they represented the real anatomy. (See Supplemental Digital Figure 1 , http:// links.lww.com/ACADMED/A199, for one of the fully prepared and colored training models.)
Abstract
Purpose Anatomy education on embalmed specimens is presumed to have added educational value. However, although embalmed specimens have been used for anatomy education for years, there is little evidence on the added educational value of dissection-based teaching. The objective of this randomized study is to examine the added value of dissectionbased teaching, using models of the inguinal region in embalmed specimens.
Method
In 2011, medical students at Erasmus Medical Center, The Netherlands, were randomly assigned to three groups.
Group I attended lectures, group II attended dissection-based training using laparoscopic dissection models, and group III attended lectures as well as dissection-based laparoscopic training. To assess the improvement of anatomical knowledge, all students had to complete a practical test before, immediately after, and two weeks after training. Data were analyzed with mixed modeling.
Results
Forty-six students participated in this study. No significant difference in results was observed among the three groups before the start of training.
Immediately after the course, groups II and III scored significantly higher than group I (P < .001; P < .001), and group II scored higher than group III (P = .009). The difference between group I and groups II and III persisted during followup (P = 012; P = .001). The difference between groups II and III disappeared.
Conclusions
Three-dimensional anatomy education with dissection models enhances anatomy learning by medical students. Students who received dissection-based training scored higher in the short-and long term compared with students who did not receive this type of education.
Anatomy Education and Classroom Versus Laparoscopic Dissection-Based Training: A Randomized Study at One Medical School Education using these specimens offers obvious advantages. The anatomy as shown on these specimens is real anatomy, with the advantage that important anatomical structures that cannot always be seen during surgery can be shown and accentuated with colors. Disadvantages of this form of education are the labor-intensive nature and the additional associated costs. To justify these increased demands, the assumed superiority of this learning method should be evaluated critically. We therefore performed a randomized study to examine the added value of (laparoscopic) dissection models over traditional anatomy education, using supple embalmed specimen models.
Method

Study design
We performed a randomized study to test whether laparoscopic dissection-based training improves understanding of anatomy. Therefore, we developed three different educational conditions. Groups in all three conditions were trained in exactly the same anatomical structures on an evening course in June 2011. Group I attended a 60-minute traditional classroom lecture, addressing the dorsal view anatomy of the inguinal region using a PowerPoint presentation. Group II attended a 60-minute dissection-based training using three-dimensional laparoscopic dissection models. Group III attended the lecture as well as the dissection-based training, and their education took 120 minutes. Because the students had no knowledge about this anatomical region at all, an experienced teacher explained the anatomy in the first 10 minutes of the dissection-based training, showing the structures in the three-dimensional models. During the remaining 50 minutes, students had the opportunity to see, touch, manipulate, and study the anatomy themselves, while the teacher was around to assist the students if necessary.
Participants
We recruited medical students from Erasmus Medical Center through class announcements in 2011, which we made in four classes of 24 students (96 students were eligible to participate). Participation was voluntary, and students from all years of medical school (year 1-6) were represented. Participants were randomized in three groups, stratified by years of medical school. All years of medical school were randomized separately, so that students from all years of medical school were spread equally over the three groups. As the anatomy of the posterior (dorsal) inguinal region is complex and is not addressed during medical school, we were confident that our students were naive about the subject of the training. Hence, all groups were equal and had no pretest knowledge.
Outcome
To assess the improvement of anatomical knowledge of each group, all students completed a test before and after anatomy training. The two tests were identical. Twenty-one structures of the inguinal region were marked inside anatomical models (List 1).
To test anatomical structures inside the anatomical models and not by a twodimensional (multiple-choice) test is the closest thing assessing the actual in vivo anatomy. Finally, medical students should be trained to recognize human anatomy in three-dimensional form as they will encounter in practice and not from two-dimensional images. Students had to write down the full scientific names of the marked structures (according to the official "nominal anatomica"). The test score was the same as the number of correct answered structures (maximum 21). To evaluate the long-term results, students were asked to take a third test two weeks after training. This test was identical to the first two tests.
Statistical analysis
Baseline differences among the three groups were tested with one-way ANOVA with Scheffé correction. We analyzed the longitudinal data using mixed or multilevel modeling in SPSS (PASW statistics 17, Chicago, Illinois). This method is able to handle incomplete time-series data with a minimal loss of information. In this multilevel model, the different time points were defined at level one and the participants were defined at level two. Group I, which only attended the lecture part of the course, was used as the reference group. Contrasts were formulated to analyze the significance of the estimated differences among the groups at posttest and at follow-up. Time linear and a spline (knot) at the end of the treatment were used to model time effects. Effects were the increase in knowledge as a result of the course and the decrease in knowledge as a result of loss of retention (forgetting). First, we postulated a saturated model with time-by-group interactions and an unstructured covariance matrix. Then the covariance matrix was simplified, as nonsignificant effects (P > .05) were deleted until a parsimonious final model was reached. We tested the differences between covariance matrices and saturated and parsimonious models with the deviance test. 12 The residuals of the model were checked to be normally distributed, a necessary assumption for a correctly fitted mixed model. We calculated effect sizes by Given that there were no medical interventions related to this study, no patients were involved, and participation was voluntary, no medical ethical approval was requested.
Results
Forty-six of 96 eligible students participated in this study (48%). Randomization resulted in 15 students in group I (only lectures), 16 students in group II (only dissection models), and 15 students in group III (both lectures and dissection models). Participants came from all six years of medical school. Nineteen (41%) were female, while 37 were male (59%). The three groups were comparable in years of medical school (mean 2.6 years, P = .980). All participants completed a test before the start of education. We excluded one outlier from group III with an exceptionally high pretest score who turned out to have prior knowledge about the anatomical region, resulting in 45 students total and 14 students in this group. No significant difference was found among the three groups before training (P I-II = .81; P II-III = .90; P I-III = .55). Twenty-two (48%) students participated in the followup after two weeks. No significant differences were found between participants and nonparticipants at baseline scores of the test (P = .79) and between the scores at the end of the course (P = .44).
After exclusion of the outlier, the residuals were normally distributed.
We considered a heterogeneous autoregressive covariance matrix (Singer and Willett 12 ) an adequate covariance structure (deviance χ 2 (2) = 1.22, P = .54). The main effect of the group could be removed from the saturated mixed model, which could be anticipated as there were no initial differences among the groups. The difference between the saturated and final parsimonious model was not significant (χ 2
= 2.71; P = .26). The estimated values from this model are provided in Table 1 , and the model is depicted in Figure 1 .
Immediately after the course, groups II and III scored higher than group I (P < .001; P < .001). This difference continued at follow-up (P = .003; P = .002). Group II scored higher than group III in the test that was taken immediately after the course (P = .009; d = .86, a medium effect). All groups scored lower at followup than immediately after the course. The superiority of group II over group III disappeared at the follow-up test.
Discussion
This study demonstrates that anatomy education using dissection models enhances medical students' ability to learn anatomy. Students who received the three-dimensional teaching (groups II and III) scored far better in the shortand long term when compared with students who received only conventional, two-dimensional teaching (group I).
There might be a number of reasons why anatomy education using embalmed specimen results in better retention of knowledge compared with twodimensional anatomy education using lectures.
The first reason is that the students from group II and III were taught on realistic three-dimensional models. The students did not have to transfer the abstract and two-dimensional representation of the anatomical structures to the real and threedimensional anatomy. In other words, using embalmed specimens is the more realistic learning environment and has therefore better learning results. We believe it is fair to say that students in groups II and III, who trained within that realistic environment, were best prepared for recognition of human anatomy. A second reason might be that the students from group II and III are actively involved, instead of being brought into a more passive mode, as in a classical lecture. An active mode has an important contribution to better learning results, as the students discover the material themselves.
14 Besides that, students are given the opportunity to learn interactively, which results in peer tutoring, whereby those with more knowledge assist others with less knowledge. 15 A third supportive hypothesis is the possibility for manual interaction with the material in the dissection models. Piotr Galperin assumes that learning follows the sequence of manual interaction, verbalization, and memorization. 16 Manual interaction allows the students to study the anatomy from multiple views, which improves the spatial understanding. 17 Therefore, the manual interaction is an essential step to understand the threedimensional, complex form of anatomy. However, in classical teaching using lectures, this important step is not present, and structures are mostly presented from two viewpoints.
The three hypotheses above fit well in the learning theory of "constructivism" as defined by Shuell 18 : "Learning is a constructive, active, cumulative and goal directed process." Knowledge has to be constructed actively through the adjustment of new information into already-acquired knowledge (assimilation) and through the adjustment of existing mental structures to new experiences (accommodation). Because students do not have to transfer the abstract and two-dimensional anatomy to the real three-dimensional anatomy and have the possibility to touch, see, and discover the anatomy themselves, it will be easier to process and to assimilate the new information. Moreover, dissection-based anatomy education in the dissection room activates and motivates the students instead of placing the students in a passive role like in a lecture. According to the learning theory of constructivism, new knowledge is added to prior knowledge, which means that learning is a cumulative process. A short theoretical introduction in the dissection room for the students of group II and III provides a basis on which new knowledge can be built. This allows for an active integration of the new knowledge. Anatomy education using embalmed specimens is, as well as education using lectures, goal directed, as students aim to understand the three-dimensional anatomy. All above-mentioned aspects are present in our three-dimensional anatomy training method and may contribute to better results of three-dimensional, dissection-based training.
One could argue that the number of students is low, particularly the number of students that took the test after two weeks. This low attendance after two weeks occurred because the academic year had ended when the follow-up test was taken, and many students were on holidays. The course could not be organized earlier in the academic year because the dissection room was occupied for regular education and other courses. However, our analyses show clear statistically significant results. To confirm these results, we suggest further research with better-planned logistics to prevent drop-out of students.
Some of the reported effect sizes are exceptionally high. Our explanation is that because students hardly had any knowledge of this subject prior to the course, all precourse scores were near zero, resulting in a very small standard deviation. This, in turn, led to the high effect sizes.
The education of group III was twice as long compared with the other two groups. This might explain the superior results of this group. On the other hand, group II had comparable results, while the classes of this group were of the same This study shows that identification and recognition of anatomical structures can be better trained in a three-dimensional environment because the actual use of this kind of information (the actual test) will always be in a three-dimensional setting, the operation theater. It is reasonable to assume that students and surgical residents have benefits from threedimensional, dissection-based anatomy education because this training prepares them best for the "real thing." Further clinical studies should be performed on the issue of knowledge transition. The question, whether a resident is actually operating more efficiently (faster and with less complications) after the proposed three-dimensional training, has yet to be answered.
Although the costs and effort in this form of teaching are higher, the results of this study are clear. Educators and medical schools in general should make an effort to maintain the anatomy education in the dissection room. We suggest that medical schools should equip an accommodation in the dissection room where surgical residents could study the anatomy using (laparoscopic) dissection models. In this way especially residents can use the dissection room in a more personalized way to acquire the three-dimensional anatomical knowledge when they need it, and in a way they need it (e.g., during laparoscopic views).
Three-dimensional anatomy training with dissection models resulted in an increase of spatial and three-dimensional understanding of the anatomy of the inguinal region for the participants in our study. Although education in the dissecting room is more expensive, anatomy training with dissection models has a clear added value in the education of medical students.
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